Small doses of epidural and intrathecal opioids produce effective and prolonged analgesia postoperatively, although the quality of analgesia does not differ from when conventional routes are used. The different opioids differ only in the speed of onset and duration of action, and in the incidence of side-effects. 'Minor' complications such as nausea, vomiting, pruritis and retention of urine are relatively common. There is a small incidence of respiratory depression which is delayed for several hours after drug administration and which may be prolonged. It is commoner after morphine and after intrathecal administration, and is also associated with advanced age, concomitant use of other central depressant drugs, respiratory disease and large doses. Because of the potentially lethal nature of this complication, it is recommended that the epidural and intrathecal routes of administration are used only when patients can be closely and constantly observed postoperatively. postoperative pain. Many of these reports were quite remarkable, claiming complete analgesia of many hours duration with virtually no complications with very small doses of narcotics, morphine being the commonest. But it is true to say that many of these initial trials were uncontrolled and of an anecdotal nature. The main reason for this was that no overseeing body was necessary to control the trials; the drugs were not new and neither were the techniques. It was simply putting old drugs in a new place.
The discovery of high concentrations of opiate receptors in the dorsal horn of grey matter in the spinal cord suggested that there was an extracranial site of action of narcotic analgesics. This was confirmed in animals when several opioids applied to the spinal cord, and which remained locally, were shown to produce profound analgesia.' In man, intrathecaF and epiduraP opioids were first used in patients with cancer pain. Prolonged analgesia resulted where previously pain relief had not been achieved with large doses of parenteral opioids.
Winnie 4 has pointed out that never before has a concept progressed as rapidly from laboratory experimentation in animals to clinical application in man. Following the initial reports,2,3 a large number of papers appeared concerning the use of spinal opioids, mainly by the epidural route and mainly for DOES IT WORK?
Epidural opioids
Cousins et al. 5 were the first to use epidural opioids in the management of postoperative pain. They gave pethidine 100 mg in saline 10 ml epidurally to seven patients after major abdominal surgery, pain being measured with a visual linear analogue. Pethidine concentrations were measured in cerebrospinal fluid (CSF). The results are shown in Figure 1 . Pain relief was complete between 12 and 20 minutes after injection. At this time, the blood pethidine levels were below analgesic concentrations, but the pethidine had rapidly entered the CSF. Pain relief lasted an average of six hours. There were no changes in other modalities of sensation and no evidence of sympathetic blockade. Blood ~o 50 FIGURE l.-CSF and blood pethidine concentrations after lOO mg given epidurally. Pain relief was complete as assessed by the visual linear analogue between 12 and 20 minutes in all patients, when the blood pethidine concentration was below that required to produce analgesia (after Cousins et al. 5 Reprinted by kind permission of the author and editor of the Lancet).
Reiz and his colleagues 6 compared 2 mg preservative-free epidural morphine with 10 mg given intramuscularly for pain relief after hip surgery. They found that although epidural morphine was slower in onset than intramuscular, the quality of pain relief was substantially better and lasted markedly longer. Also, the total dose required in the I5-hour observation period was 3.6 mg on average by the epidural route compared to 41 mg for the intramuscular.
A comparison of epidural opioids (morphine, hydromorphone and methadone) Anaesthesia and IlIlensive Care, Vol. 15, No. 1, FebruarJ'. 1987 with epidural local anaesthetics and intravenous morphine for pain relief after thoracic and upper abdominal surgery was reported by Bromage et al. 7 The morphine was given intravenously in incremental doses until adequate analgesia was obtained and the epidural opioids were administered in a similar way. The results are shown in Figure 2 . Both the epidural local anaesthetics and opioids were superior to the intravenous route in restoring the FEY I towards preoperative values. They found that epidural morphine produced prolonged analgesia, although it was slower in onset than the other two opioids, and that there was much less sedation than following intravenous morphine. Rutter and his colleagues,8 in a double-blind study, compared epidural morphine 2 mg, fentanyl 100 !1g and pethidine 50 mg for pain relief after major surgery, the doses being chosen as they were those commonly reported in the literature at that time. Morphine was found to be disappointing, being slow in onset and not producing as effective analgesia as the other two drugs, both of which produced efficient pain relief in the majoriry of patients. However, the analgesia was of short duration, particularly with fentanyl, when the effect had worn off in most patients by two hours. Due to its relatively short duration of action, fentanyl would be more suitable to use by continuous infusion. Such a method has been used, when continuous epidural fentanyl at a rate of 60 f.,/g/hour produced better analgesia than intramuscular papaveretum given by an ondemand basis over a 24-hour period after upper abdominal surgery. 9 There are many other reports on the use of epidural opioids mainly for postoperative pain, and there is no doubt from these and those quoted above, that they do produce effective and long-lasting analgesia, but a number of questions remain to be answered.
Site of injection
There is little doubt that the main site of action of epidural opioids is on the spinal cord, although there is an initial contribution from systemic absorption of the drug. The evidence has been summarised by Cousins and Mather. 10 The mean peak plasma levels of morphine are similar after epidural and intramuscular administration, but thereafter the analgesic effects correlate very poorly with serum levels after epidural injection.
There is some dispute regarding the site of epidural injection, in that should they be injected into the centre of the dermatomal area that is to be rendered pain free? Whereas some claim that it is essential, others consider it unnecessary. Thus Asari et al. II found that pain relief after upper abdominal surgery was far superior when morphine was injected into the thoracic epidural space rather than the lumbar. A possible explanation for the conflicting results might be found in the study of Larsen et al. 12 They found no difference in pain scores or respiratory performance when morphine 5 mg was given into the lumbar or thoracic epidural space after upper abdominal surgery. They pointed out that their measurements were made six hours after injection whereas others had done it sooner, when the morphine may not have had time to spread into the thoracic region.
Which drug?
A number of opioids have now been used epidurally, but comparisons between them have been few. One of the difficulties in using opioids in this way is to chose equipotent doses of the drugs for comparison. Torda and Pybus 13 compared morphine, methadone, pethidine and fentanyl given by the epidural route for postoperative pain relief in a withinpatient controlled study. They found no difference in the efficacy of the drugs or in the incidence of side-effects, but that the duration of effect did differ, with morphine being the longest (6 mg, 12.3 hours) followed by methadone (6 mg, 8.7 hours), pethidine (60 mg, 6.6 hours) and fentanyl (100 f.,/g, 5.7 hours). The difficulty in interpreting results is illustrated by the fact that Rutter et al. 8 found that similar doses of pethidine and fentanyl produced effective analgesia, but of much shorter duration than the previous study. Similarly, methadone 4 mg was found to be more effective than morphine 4 mg after caesarean section, although not as effective as bupivacaine. 14 Little information is available as yet on the newer agonists. Sufentanil has been used epidurally after orthopaedic surgery,15 the optimum dose being 50 f.,/g in 10 ml saline, which lasted about six hours. However, sedation was always present when analgesia was effective and urinary retention and pruritis occurred in some patients.
Diamorphine is the drug favoured by the author, in a dose of 0.1 mg/kg. This has a more rapid onset of action than morphine with earlier peak serum levels. 16 Barron and Strong l7 also consider it to be superior to morphine. The pain relief is associated with lower plasma cortisol levels postoperatively compared to conventional techniques. 18 Partial agonists have also been used. Lanz et al. 19 found buprenorphine 0.3 mg to be effective in relieving pain after orthopaedic surgery and stated that the side-effects were markedly less frequent than after epidural morphine. When buprenorphine 60 f.,/g was compared with morphine 2 mg after abdominal surgery, no difference was found with regard to the quality or duration of anaesthesia. 20
Butorphanol has also been used and satis factory analgesia achieved with doses greater than 1 mg after caesarean section. 21 
What dose?
Work concerning the optimum dose of opioid has been virtually confined to morphine. Crawford et al. 22 found morphine 2 mg to be ineffective after lower abdominal surgery, but that 5 mg and 10 mg produced prolonged analgesia, although no additional benefit accrued from the larger dose. Similar results were found by Rosen et al. 23 with regard to 2 mg and 5 mg morphine, whereas the incidence of side-effects increased when 7.5 mg was used. Other workers have found that increasing the dose of morphine beyond 3 mg resulted in an unacceptable increase in the incidence of sideeffects and therefore recommended this as the optimum dose. 24 The early reports that 2 mg morphine produced prolonged and effective analgesia have not been substantiated by more recent work, and this is certainly the experience of the author. 8 Most workers now use morphine in a dose of 4 or 5 mg for postoperative pain relief.
INTRATHECAL OPIOIDS
The intrathecal route has not been used as frequently as the epidural, and this is probably more a preference of anaesthetists for the latter method of drug administration rather than any inherent advantage in its efficacy. As with epidural opioids, many of the original communications reported excellent results in terms of analgesia, but the trials were of an uncontrolled nature and elimination of bias could not be guaranteed.
In a properly controlled trial, Nelson and Katz 25 reported that 0.5 mg morphine, administered with intrathecal amethocaine for herniorrhaphy, produced prolonged postoperative analgesia compared with control. A comparison of 0.02 and 0.2 mg/kg hyperbaric intrathecal morphine showed that although pain relief was effective with both doses, it was superior and lasted sigificantly longer following the larger dose. 26 However, the incidence of complications was highly significantly greater and the lower dose was therefore recommended. Sedation occurred with both doses. It was also suggested that patients receiving intrathecal hyperbaric morphine should be nursed with a head-up posture to prevent central side-effects.
Epidural or intrathecal opioids?
There have been no controlled trials comparing the two routes of administration. Barron and Strong 17 reported that the intrathecal route was superior to the epidural, and that diamorphine was superior to morphine. However, the doses of the drugs (morphine 2 mg, diamorphine 0.5 mg) were the same by both routes, so the superiority of intrathecal administration is not surprising.
The results of a retrospective comparison of intrathecal and epidural morphine for pain relief after thoracotomy are shown in Table 1 . 27 The only difference was the longer duration of analgesia after the intrathecal route which was achieved with a much smaller dose of drug. It would be reasonable to conclude from the little evidence available that, with proper dosage, neither route is superior to the other with regard to quality of pain relief.
Is IT BETTER THAN EXISTING TECHNIQUES?
When a new technique is introduced, It IS reasonable for it to be used initially without comparisons, in order to see if it works. It is equally reasonable to expect some form of objective measurement to be made in order to assess the efficacy of the new method. Pain is notoriously difficult to measure, but this does not mean to say that no attempt should be made. What is not satisfactory is to look at the timing of the next injection of opioid or the number of injections given postoperatively, as this does not indicate the quality of analgesia but merely its duration. Many early communications reported superior analgesia of the epidural and intrathecal routes on this erroneous basis.
To carry out a properly controlled trial comparing the efficacy of epidural opioids with other routes of administration requires the following: 1. an acceptable method of evaluation of pain relief; 2. random allocation of patients to the groups; 3. that each patient must receive an epidural injection, one group of placebo and one of active drug, and each must also receive either placebo or drug by the other route of administration; 4. all medication must be given on a blind-basis; 5. the groups must be comparable. Very few such studies have been carried out.
Using such a method of comparison, no difference was found in the degree of analgesia following epidural and intramuscular diamorphine 0.1 mg/kg after either thoracotomy or gynaecological laparotomy. 28 Duration of analgesia was significantly longer in the epidural group. The authors concluded that the epidural route was an e;xotic method of administering a systemic opioid. Rawal et al. 29 compared epidural morphine 4 mg with intramuscular morphine 0.1 mg/kg in grossly obese patients undergoing gastroplasty (Table  2 ). There were no differences in terms of analgesia, although much lower doses were used in the epidural group. They also commented that the latter were more alert and more co-operative than following intramuscular morphine. Following caesarean section, no great difference was found between 5 mg epidural morphine and 10 mg intramuscularly with regard to pain relief, but the duration of effect was significantly longer with the former. 30 When the criteria of a properly conducted study are met, therefore, what is demonstrated is not a difference in the quality of pain relief between epidural and intramuscular administration but that duration of analgesia is longer and achieved with a smaller dose by the epidural route. This view is supported by studies which have not met all the above criteria but have used accepted methods of evaluating pain relief. Thus no difference was found between 4 mg morphine epidurally and 0.1 mg/kg intramuscularly in elderly patients, although the duration of action was longer with the former. 31 No differences in terms of efficacy or duration were found when epidural buprenorphine 60 J.lg was compared with intramuscular morphine 0.15 mg/kg, but the total dose of the former was five times less than the equivalent dose of morphine. 32 Thoracic epidural morphine 5 mg given intermittently has been compared with epidural bupivacaine for pain relief after thoracotomy. 33 In the latter group, all developed urinary retention and severe hypotension occurred in seven of 30 patients. All patients given morphine also developed urinary retention, and 12 of 30 had pruritis. Eight patients had a respiratory rate of less than 10 breaths/minute, which occurred suddenly 30-75 minutes after injection. Three of these required artificial ventilation overnight, while the remainder required repeated doses of naloxone. In contrast, effective analgesia with minimal complications occurred with an infusion of 0.1 mg/hour morphine. Strictly speaking, when the safety of a technique is queried it is in terms of serious sequelae, which might be potentially lethal. However, whether a method will gain widespread acceptance will depend not only on its usefulness balanced against the possibility of serious side-effects, but also on the incidence and severity of the more minor complications. ' 
MINOR' COMPLICATIONS
Anaesthetists regard some complications as minor because they are not life-threatening, but they may certainly not be regarded as such by the patients. Typical figures for the incidence of such complications following epidural morphine are shown in Table 3 . 34 Nausea and vomiting are common and particularly distressing can be pruritis, such that some patients would actually prefer to be in pain. The mechanism of this problem is not known. The low incidence of hypotension would confirm the absence of any effect on sympathetic function. The incidence of these complications varies with the drug used and typical figures are shown in Table 4 . Morphine· is associated with the highest incidence, and particularly with regard to urinary retention which occurs in up to 90070 of men given epidural morphine. Lanz et al. 24 have shown that these complications are related to the dose of epidural morphine and that they increase significantly when more than 3 mg is used, which they therefore suggest is the best compromise between adequate analgesia and appearance of side effects.
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SERIOUS COMPLICATIONS

Neurological damage
One of the main concerns regarding the epidural and intrathecal routes of drug administration has always been that of permanent neurological damage to the nerve roots or the spinal cord. To date, no such reports have been published concerning spinal opioid administration. However, it must be remembered that increasing use is being made of prolonged therapy in the management of chronic pain. Such treatment may extend into months, with increasing doses of the drugs, and it remains to be seen whether any such complications would develop.
At the moment it would seem prudent to use the drugs without preservatives as the latter, e.g. chlorocresol, might have neurotoxic properties.
Respiratory depression
Because of the small doses of opioids used, it was hoped that respiratory depression would not be a problem following spinal opioid administration. Unfortunately, this is not so, and indeed it is even more sinister as its appearance is usually delayed for several hours and also because of its unpredictability. The majority of cases reported to date have been summarised in the excellent review of Cousins and Mather. ID Following intrathecal opioids, respiratory depression appears six to eleven hours after administration and may persist for as long as 23 hours. Morphine is the drug invariably implicated, but it has been reported after diamorphine. 17 After epidural opioids, respiratory depression can occur within an hour, and this has been reported with pethidine and more rarely morphine. Most cases, however, have been delayed for four to six hours, and although morphine is again the drug usually involved, it has occurred after diamorphine l 6. 35 and methadone. 14 Experimental work in volunteers has shown maximum respiratory depression to occur six to ten hours after 10 mg epidural morphine, and that a significant amount was still present at 16 hours. 36 This complication is much more likely after a poorly lipophilic drug like morphine, as considerable amounts remain in the CSF instead of entering the spinal cord and will gradually spread cephalad.
The true incidence of this potentially lethal complication is not known, but morphine is the drug mainly responsible. In the series reported 'by Writer et al., 34 four out of 128 patients (30, 10) required naloxone. This contrasts with the eight out of 30 patients (270,10) reported by EI-Baz et al. 33 who required treatment after 5 mg thoracic epidural morphine. In the report of a nationwide survey from Sweden of between 6000 and 9150 patients, naloxone was required in 0.25-0.40,10 given epidural morphine and 4.0-7.00,10 when the intrathecal route was used. 37 There was a tendency for respiratory depression to occur in patients over 70 years of age, those with reduced ventilatory capacity and in those receiving thoracic epidurals. The appearance of respiratory depression remains unpredictable, but Cousins and Mather 10 have listed the factors which seem to predispose to its development: 1. advanced age; 2. use of a water-soluble opioid (morphine); 3. concomitant drug therapy, either opioid or other central depressants; 4. lack of tolerance to opioids, pointing out that the complication has not yet been described in treatment for chronic pain where increasing doses of opioids and other drugs have been used/or some time, with the development of tolerance; 5. raised intrathoracic pressure which aids the cephalad spread of drugs; 6. large doses; 7. respiratory disease; 8. posture following intrathecal opioids.
Respiratory depression is a potentially lethal complication and this is compounded by its delayed appearance and unpredictability. The safety of epidural and intrathecal opioids will therefore always be in doubt in the management of acute pain unless special measures are taken to detect its appearance and are followed by immediate treatment when necessary.
Is IT FEASIBLE?
A large number of patients every day require pain relief with narcotics after surgery. Any method of administration must therefore be rapidly and simply performed. Insertion of an epidural catheter is a skilful procedure that takes time, but should be feasible in a properly organised service for the majority of patients. On the other hand, a single intrathecal injection is a much simpler procedure and more rapidly performed, but intrathecal opioids are associated with a higher incidence of complications.
The major drawback is the safety question with regard to respiratory depression. Because of this, the patients must be kept in an area where staff are capable of immediately recognising and treating this potentially lethal complication. It cannot be regarded as safe to send these patients back to an ordinary ward or private room where they are not under continuous observation. Use of the more fatsoluble, shorter-acting drugs, e.g. fentanyl, by continuous infusion, requires sophisticated apparatus and trained personnel, which again cannot be provided on an ordinary ward.
Because of the constraints put on the use of epidural and intrathecal opioids, it must be concluded that, at the moment, they are not a feasible method of pain relief for the majority of patients in the postoperative period.
CONCLUSIONS
Epidural and intrathecal opioids produce effective analgesia which is of longer duration and achieved with much smaller doses than by more conventionat methods of administration. It is un fortunate that the nature of the complications restrict their safe use to so few patients with acute pain. However, the method has opened up a new area of research and time will eventually reveal the best drug and its optimum dose. It is likely that respiratory depression will ever be present with narcotic analgesics, but only just beginning is the investigation of substances other than narcotics, e.g. somatostatin,38 into areas which have for so long been the prerogative of local anaesthetics.
